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SKCTION  1 
SCOI'K 


1.1  IDKNTIFICATiON 

Vi'liime  1,  Suhniariiu'  OMIK'.A  Computer  rrogram  I’erformance  Specification,  defines 
the  functional  requi  n'nu'nt  s ior  the  Submarine  OMliGA  CompuLi’f  Program  which 
is  usoil  hv  the  Submarine  OMIiGA  Navigation  System.  The  tape  which  defines 
the  computer  program  is  entitled  AN/BRN-7  Navigation  Program. 

Volume  11,  Submarine  OMIiGA  Com|iuLer  Program  Design  Specification,  allocates 
the  functional  requi  renu'nts  of  Volumi'  1 to  the  computer  routine  and  sub- 
program level  . 

This  voluiiK'  describes  the  subprogram  designated  as  Synchronization,  which 
has  the  abbreviation  SY  in  the  program  listing  fVolume  XIII)  . 


1 .2  SUBPR(X:il(\M  TASKS 

a)  Set  the  antenna  switching  matrices  to  proper  orientation  for  the 
collection  of  synchronization  pulses. 

b)  Record  the  computer  reference  time. 

c)  Initiate  the  ri'petitive  10-second  data  collection  process.  Since  this 

is  a repetitive  operation,  alternate  10-second  collections  must  be  stored 
in  separate  storage  areas. 

d)  After  a lt)-second  data  collection  period  the  100  correlation  numbers 
miB  t be  calculated. 

e)  Test  the  four  largest  correlation  values  to  find  if  synchronization 
can  be  determined. 

f)  Deti'rmine  t 

sync 
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SKCTIOK  2 

Al’ri.ICAHLK  D()(:i'Mi-;NTS 


a)  Submarine  OWU'.A  Computer  ProKtam  Per  iormanco  Spec  i 1 icat  i on  (Volume  I 
ol  the  Submarine  OMKCA  ComputiT  Program  Specification). 

App  1 icab  1 e Sec  t i on.s  : 

i . 1 Int  roduc  t i on 
3.3.1  Svnchronizai ion 
i.'i.2  Signal  Input  Timing 
3.3.3  Antenna  Switching  Control 

b)  Submarine  OMhCA  Computer  Program  Design  Specification  (Volumt'  II  of 
the  Submarine'  OMl'.CA  Computer  Program  Specification)  . All  sections. 

c)  Nt)R  1 71-A],  NDC  1070,  Macro  Assembler,  May  1971 

(i)  NORT  b8-115A,  Detailed  Description  of  NDC-1070  Computer  1 nstruc t ions , 
Revision  A,  February  1970 

e)  .SOR I f)9-87A,  NDC-1()70  Flow  Chart  Program,  User's  Manual. 
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SKCTION  3 


RKQriRKMKr.'TS 


In  order  to  undi.rsi-ind  t iu'  subpronrim  description  contained  in  the  follow- 
ing papes  , it  is  nccessarv  tliat  the  reader  will  have  hocomo  larr'.iliar  with 
llie  associaiid  functional  requi  renent  s f>  ind  in  Voltine  I.  Performance 
Specification,  and  witii  the  subpropran  allocation  found  in  Volume  II,  Desien 
Specification. 


3 . 1 DMTAl  LilD  DESCRl  PTl  ON 


3.1.1  Reference  Labels  to  Flow  Diaiframs 

The  code  used  to  reference  a p.ircicular  d.ita  block  in  the  flov.-  diagrams, 
Sc-ction  3.2,  is  tis  follovcs:  The  first  number  is  that  page  number  found  in 
the  lipper  right  come  r of  the  d i agrams  . This  will  bo  followed  bv  a slash 
sign  ( /)  to  separate  the  page  number  from  the  block  designator.  The  desig- 
nator will  either  be  a mnemonic  label  (e.g..  TEST  SiTs'C)  , a local  label 
indieated  by  a dollar  sign  ($),  or  an  integer.  The  two  tvpos  of  labels 
reference  the  particular  information  block,  on  the  given  page,  to  which  the 
label  is  attaclied.  The  integer  number,  n,  means  that  the  referenced  block 
in  the  n'^*'  block  from  tlic  top  of  the  page;  p8/3  would  refer  to  page  8 and 
the  third  inlormation  block  down. 

Final ly,  the  label  pl/$  2+3  refers  to  page  1,  and  the  3rd  information 
block  after  the  label  $ 2. 


3.1.2  Executive  Management  of  Synchronization  Routines 

The  synchronization  subprogram  is  defined  by  routines  SV'NC  CALC  (which  uses 
the  SYNC  SL'MMATION  subroutine),  SYTlCl,  SYNC2,  and  S\’NC3.  The  manipulation 
of  these  routines  is  accomplished  by  both  MAIN  PROGRAM  and  the  FIVE  MILLI- 
SECOND INTERRUPT  Routine  (h  nceforth  referred  to  as  the  INTERRUPT  routine). 
To  fully  understand  the  sequencing  of  these  synchronization  routines,  it  is 
necessary  to  have  an  understanding  of  the  interaction  between  MAIN 
PROGRAM  and  INTERRUPT,  including  the  selection  of  fi-tasks.  This  information 
is  fully  described  in  Volume  II,  Design  Specification.  A brief  summarv  here 
will  servi'  to  review  these  relationships,  and  clarifv  the  synchronization 
process  as  well  as  the  flow  diagrams. 

MAIN  PROGRAM  has  but  one  computational  routine  besides  the  MEMORY’  CIOICKSUM 
Test;  this  is  SYNC  CALC  with  its  subroutine  SYNC  SlWfYTION.  Before  MAIN 
PR(X;RAM  can  perform  the  compulations,  the  synchronization  summation  data 
must  be  collected  and  stored.  This  process  is  selected  by  INTERRUPT  via 
SYNCl,  SYNC2,  and  SYNC  3. 
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At  powii-i'ii.  .mil  alt'  I tin'  scttvv'ari-  i ni  t i ,i  1 i zat  i on  process,  M/\1K  I’KOCIKAM 
tvi  1 1 liisipnat'  rKKKl.IC'HT  Test  as  an  '..'-task,  wliich  is  under  tin  jurisdic- 
tion ol  I NTKKKC  !’T  . I’Kl'.ri.l  (dIT  Test  sets  up  .SYNtll  as  the  next  '..-task  as 
well  as  till  tiiTH'  intei'.'al  at  which  it  will  he  initiated  hv  INTI'.  RKIJI’T . I'pon 
iiimpletion  ol  I’KIiFlKdlT  Test,  S'  ((iienc  i np  returns  to  MAIN  I’ROGKAM,  wh  i ch 
alternates  between  kDiMOKY  CIIKCK.SirM  and  the  test  ol  the  lO-SKC  I’KRIOI)  COMIM.KTI 
marker;  essentially  waiting  for  the  I NTKRRld'T  to  take  over  control.  It  is 
the  Id-sec.  period  complete  marker  wliich  will  he  set  by  SYNC  3 to  indictite 
that  a complete  set  of  data  has  been  stored,  and  enable  SYNC  CALC  to  com- 
mence processing. 


1.1.1  Description  ol  Flow  Diagrams 

a)  SYNC  I (Rape  1) 

Labe  1 : SWC 
IM/SYNC  to  $1 

SYNCl  designates  S'i’NC2  as  the  next  '-.’-task,  and  sets  Atii  to  0.15  second 
f'lsing  OMKCA  Subroutine)  which  specifies  tliat  '30  ol  the  5 ms  interrupts 
will  pass  before  intering  SYNC2 . SWCl  then  sets  n|i  the  antenna  switch- 
ing matrix  lor  the  collection  of  synchronization  data.  Upon  completion 
processing  returns  to  MAIN  PIUIGRAM,  or  to  a Control-Indicator  function 
if  selected  bv  the  oper.itor. 

b)  STCC2  (Rage  2) 

l.abel:  $2 

p2/$2 

.S'i'NC2  will  be  onti'red  at  the  3()th  interrupt  from  initiation  of  SWCl  . 
SYNC2  will  nark  the  computer  reference  time  at  this  point  . Tlie  deter- 
mination of  the  time  differi'iice  between  this  relerince  and  the  arrival 

ol  the  first  pulse  1 rom  station  A on  10.2  kHz  is  t , and  is  the  sole 

sync 

purpose  of  the  synchroni  z.it  i on  process. 

SYNC2  sets  up  SYNC  3 as  the  next  '.f-task,  fOMFGA  Subroutine),  sets 
At'.l  = 0.1  second,  clears  the  six  data  input  registers  (although  onlv 
two  will  be  useil  per  10-second  iLita  [leriod),  illuminates  the  SYNC 
indicator  on  the  Cont rol -indicator  Panel,  and  sets  the  data  base  loca- 
tion for  the  first  (of  two)  200-word  storage  areas.  These  two  storage 
areas  will  be  alternated  every  10  seconds  so  that  one  can  till  while 
the  other  is  being  processed. 

c)  SYNC 3 (Pages  3 to  5) 

Label:  $3 

p3/$3 


•S'YNC’I  sets  up  itsell  on  the  next  11-task,  sets  Atll  - 0.1  second,  then 
performs  the  Precision  Frequenev  Generator  (PFG)  test. 
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Ktstait  pntiiss  in  case  dI  I’FCi  anomalv. 

p3/$H 

Tlu  1C  is  .1  data  counter  (R,l)Olow)  wliicli  will  count  from  0 to  1 ‘JH  hv  2 
in  a 10-sccond  period  (a  proKi'''rnmi  convi' n i ence ) . SWC  i is  entered 

I'verv  1) . 1 second  during  synclironi /.at  i on  , and  the  data  counter  will 
index  hv  two  counts  each  time. 


There  is  also  a frequency  counter  that  tracks  which  of  the  three 
lre<juencies  is  iieing  used,  and,  t he  re  fo  re , wh  ich  two  of  the  six  input 
data  words  to  store.  This  counter  will  be  set  at  0,2  or  U respectively 
and  seejuent  i al  I ■■  every  10  seconds,  and  rcpetitivclv  after  passing  4. 

p3/$8  + 1 


The  sin/cos  input  words,  representing  the  equation 


X.  (10 
) 


V.(K+1) 

J 


20 

\ 

r^i 

20 

\ 


sin  V . 


1 1 


where  j = 0,2,4  represents  l().2,li.6,  or  11-1/3  kil/ . X and  Y are  each 
composed  of  a summation  of  20  DMA  inputs  from  the  correlators  in  the 
receiver  strip  whicli  processes  frequency  j.  The  values  X and  Y will 
be  associated  with  data  count  R and  R + 1 . 

p4/2 

The  data  counter,  R,  is  incremented  by  2 and  tested.  If  R is  loss 
than  200  then  R is  saved  (p5/$4)  , and  SYNC3  is  exited,  to  return  in 
another  0,1  second, 

p4/$5,$6 

If  R equals  the  value  200,  then  data  collection  is  complete  for  the 
10-second  period,  tlie  location  and  frequency  of  tlie  collected  data  is 
saved  for  the  SYTIC  CALC  routine,  and  the  alternate  storage  area  is 
indicated  lor  the  next  entrance  to  SYNC3  when  another  10-second  data 
collection  period  will  begin. 
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p.',  /$n+  J 

rill  luunii  I , N,  will  I iiiiiit  I lie  minibi'r  ol  tin<'.s  I li.il  SYKC'i  h.is  cninp  i <■  t i-d 
.1  l(i-si'coiul  (l.il  .1  to  I I i-i  I i 1)11  piriotl.  N'  will  ho  iisod  in  t ho  c or  ro  1 .i  I i on 
vfitoiion  lator.  N is  i lu  roiw  nt  I'd  liv  1. 


pVi 

After  conipli'l  inp,  oath  Ul-soconti  tlata  ctilloction  poriod,  SWCi  will  clu-cV 
to  sot  it  ()'*  dat<i  011  1 1 Of  t I on  periods  have  ptissotl  sint'o  at  t ompt  i np  svnehron- 
i zat i on  . 

It  not  , then  N is  saved  and  its  inverse  is  coniputeti  with  a scalinp  fac- 
tor to  be  used  in  the  processing  of  tlata. 

If  so,  then  N is  set  Lo  the  value  1 and  saveti.  This  will  reinitialize 
s vnehroni zat i on  . 

The  ticcumu  1 at  eii  tlata  from  each  10-second  period  is  atitied  to  that 
collected  previouslv.  This  serves  to  average  or  smotith  the  data  as 
time  ptis.ses  . Alter  b40  sectinds  have  elapsed  with  no  synchronization, 
the  decision  is  matie  here  to  start  over  under  the  assumption  that 
svnehroni zat i on  ctinnot  be  completed  with  the  existing  data. 

p5/$l  1+1 

Set  lO-SKC  PKKIOI)  CDMPbKTK  murker.  This  will  initiate  the  SWC  CALC 
routine.  Mxit  SYNC'i. 

d)  S\T»C  CALC  (pages  b thi'ough  11) 

Label;  SYNC  CALC 

(usi’s  SYNC  SLMMiM'lON  subroutine:  jiages  12  .and  1 i) 

Wlicn  MAIN  PKtXlKAM  has  been  entered  it  has  been  alternatelv  performing 
MLMOKY  CllKCKSUM  test  and  checking  the  lO-SKC  PKlUOl)  CDMPLKTH  marker. 

pb/SYNC  CALC 

SYNC  has  set  t lie  marker  true.  MAIN  I’KOCKAM  now  sets  it  false,  and 
proceeds  to  proci'ss  the  accumulated  data. 

pb/SYNC  CALC+1 

There  .are  lour  "pointers"  used  to  indic.ate  1 lu'  four  largest  values  of 
the  C(I);  1=1,100.  These  four  values  will  be  referred  to  as  C(lst), 

C(2nd),  C(')rd),  .ind  C(4tb).  These  are  not  to  be  conlused  with  C(l), 

C(2),  etc.,  which  are  the  first  tew  of  the  100  correl.ation  numbers 
in  the  Set  . Initialization  sets  C(IOO)  to  -0 . b and  the  pointers  to 
the  four  largest  .are  set  to  point  to  C(IOO)  (a  programming  convenience); 
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sfts  up  I hi  induxinp  of  the  correlation  numhers  by  2's,  and  s<‘ts  1 =f) 

(lirst  coni' 1 at  ion  index). 

pb/$H  thri'iudi  pu/$)+2 

Int  t oi.uc  t i on : Tlu  re  .are  100  .sin/co.s  pairs  in  storaKe.  i'iach  pair  will 
have  an  as.sociated  index  value,  R.  For  programming  conviui  i ence  thesi 
100  pairs  are  stored  individually  as  0 to  Ihh,  and  the  associated  index, 

K,  runs  1 lom  0 to  1 ‘)H  hv  2's.  SYNC  CAhC  will  start  with  index  R = I 
(which  has  been  initi.ili/.ed  to  0 iihove)  , compute  a summat  i on -dependent 
function  (Figure  1)  over  all  200  items  starting  from  R=0  and  proceeding 
through  R=ly8.  The  result  will  be  C(()).  Next  the  correlation  index, 

1,  will  he  2,  and  the  same  summation  will  be  taken  starting  from  the 
data  pair  associated  with  storage  index  R=2  and  running  through  R-lh8 
and  ending  at  R=0 . This  will  be  C(2).  In  this  way  100  correlation 
values  are  obtained.  The  loop  from  $33  through  $2  is  that  which 
calculates  these  100  correlation  numbers. 

Tile  relat  ionshi])  of  the  four  largest  C(I)  values  is  used  to  decide  whether 
svnehronizat ion  can  be  established. 

For  the  current  index  value  1,  initialize  C(I)=(). 

p(i/$3 

The  assumption  carried  by  each  C(I)  value  on  any  frequency  is  that 
".Station  A burst  starts  with  the  data  pair  associated  with  the  current 
index  1".  As  stated  above,  the  synchronization  summation  determining 
the  correlation  number  C for  index  I will  start  at  R=l,  run  through 
IhH,  start  at  0 and  finish  at  R=I -2 . 

But  this  summation  must  not  include  station  bursts  which  have  been 
disallowed  by  the  operator.  For  the  present  index,  I,  the  program  will 
calculate  which  sequences  of  the  100  data-pairs  are  not  to  be  used  in 
the  summation  due  to  their  disallowal.  However,  on  the  13.6  or  11-1/3 
channel  these  siquences  are  not  the  same.  It  is  the  function  represented 
by  $3  which  sets  up  a mathematical  relationship  (modulo  8)  between  the 
station  number  K,  and  frequency,  to  determine  which  data-pair  sequences 
in  the  present  collection  represent  each  station. 

p6/$'3+l 

Test  the  station,  and  therefore  the  data-pair  sequence,  for  deselection. 

In  order  to  explain  this  more  fully,  consider  Figure  1 which  represents 
the  equations  used.  The  equation  for  C(I)  uses  summations  from  R1 
through  R2  for  the  short  slot  sum,  and  R3  through  R4  for  the  long  slot 
sum.  R1  through  R4  are  determined  by  a lower  index  Kl.  and  an  upper 

index  Kt!  , which  are  fixed  by  the  station  integer  K.  Both  Kl,  and  KU 
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iK' t I’vmi  III  slot  numhors  relative  to  the  current  index  I.  It  KI,  , 12 

K 

• ind  1 - u.  then  the  stora^;e  location  determined  hv  KI.  is  IK.  Thus 

K 

the  station  deselection  variable,  S,  which  is  indicated  as  /.ero  lor 
station  dese  1 ec  t i on,  i s mechanized  in  tlie  computer  (irograei  hv  ncrt 
]n  oeessi  Ilf,  chose  data-pair  sequences  represented  hy  K. 

Kor  example  . suppose  station  B is  deselected.  In  the  equation  i or  S the 
station  value  lor  B on  10.2  is  K = 2 ; on  13. h,  K = '3;  and  on  11-1 /i, 

K = '*.  Then.  11  SYNC  CALC  is  processing,  data: 


on 

i s 

10. 

not 

2 the  summing 
used  ; 

sequence 

determined 

by 

= 12 

and 

= 21 

on 

13. 

6 the  summing 

sequence 

determined 

by 

= 24 

and 

= 34 

is 

not 

used , and  on 

1 1 

-1/3 

the  summing 

seq  u €*fue 

determined 

by 

= 37 

an  d 

KU^ 

= 48 

i s 

not 

used  . 

The  cotnputi.r  program  uses  the  value  K in  the  same  way,  except  that  it 
^ runs  iron  0 through  14  hy  2 rather  than  1 through  8 as  indicated  in 

' the  exanijile.  If  the  station  is  deselected,  then  the  SYNC.  SUMMATION 

subroutine  is  hvpassed  and  K is  indexed  at  $2  and  returns  to  the 
indexing  re  1 at  ionshi  ji  for  the  next  station  at  $3. 


p6/$3+2 


Determines  KI.  and  KlI  relative  to  current  index  I. 

K K 

p7/l 

SYNC  SUMMATION  subroutine  computes  those  squares  of  sums  using  running 
variables  R1  and  R2.  This  is  the  short  slot  sum,  the  first  half  of  the 
Cfl)  equation  within  the  bracket  in  Figure  1. 

p7/2 

Add  the  short  slot  sum  to  C(I). 
p7/3 

Compute  R3  and  R4 . 
p7/4 

Call  SYNC  SUMMATION  subroutine.  Calculate  the  squares  of  suras,  the  long 
slot  sum,  using  R3  and  R4 . This  is  the  latter  half  of  the  bracketed 
equat ion  for  Cfl)  . 
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t 


p7/S 

Siil't  rai  t loii^  slot  sum  t rom  (;(1). 


p7/$2 


Incrumiuit  K t u nuxl  station  and  return  to  $3  to  complete  C f I ) calcula- 
tions. It  finislnd  with  tiu'  stat ion-bv-st at i on  summations,  then  continue. 

p7/$2+l 

C(l)  is  averaged  with  old  correlation  data  tor  this  same  tinx’  slot  1. 


Cd)  - C(I) 


Ct  1) 


las  t a VC 


N 


C(l) 


last  ave 


p7/$2+3  to  pH/$4 

Determine  from  all  correlation  numbers  C(I)  calculated  so  far  fl  from 
0 to  present  value)  which  values  of  I for  which  C(I)  is  1st,  2nd,  and 
3rd  largest,  and  find  the  4th  largest  value  of  C(I)  . 


p8  / $4 

Index  I by  2 , and  if  T = 200,  then  SYNC  tlALC  has  accumulated  one  hundred 
C(I)  values  and  continues.  Otherwise,  it  returns  sequencing  to  $33  to 
calculate  the  next  Cfl)  value. 

Id /I 

The  next  two  pages  of  flow  chart  require  but  brief  explanation. 

SYNC  CAl.C  is  trying  to  determine  if  synchronization  is  complete  beyond 
a reasonable  doubt.  The  reasonable  doubt  is  the  confidence  criterion 
which  is  a function  of  C(lst)  and  N,  the  number  of  10-second  data 
collect i ons : 


^ ^ 0.57bA"  -t  0.3C(lst) 

/n 

A = 240  pulses/0.1  sec 
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i'‘>/  ) 

11  lUlsi)  is  ni'K->tivi‘,  tlii-'n  more  Jala  is  needed  and  seqiioncinK  is 
returned  t t/TKST  SYNC'  to  await  the  completion  of  another  lC)-second 
data  collection  pi' r i od  . If  C(lsl)  is  positive,  llien  continue, 

ph/'j 

Test  jcdst)  -ClJnd)!  ■ C ? 

II  so,  tlien  .s  vnch  roni  zat  ion  has  been  established  and  sequcncinj> 
brandies  to  i)ll/$ll)  and  establishes  1 associated  with  C(lst)  as 
station  A hurst  start  time  on  10,2  kHz, 

If  not,  then  continue. 

pO/b 

Ideal  Iv  the  slots  will  be  al  if^ned  such  that  there  arc  always  two 
0.1 -second  sync  slots  between  burst; 


— < — 0.1-second  slot 

However,  the  start  time  for  synclironization  is  arbitrarv  and  it  could 
be  there  is  only  one  0.1 -second  slot  between  bursts. 


In  this  case,  C(lst)  and  C(2nd)  would  be  equal  and  adjacent.  And  in 
some  cases  the  first  tliree  "best"  correlation  values  could  be  adjacent 
This  case  will  also  be  tested  later,  if  necessary. 

p9/7 

At  this  point,  where  C(lst)  is  not  significantly  greater  than  C(2nd)  , 
test  is  made  to  determine  if  they  are  adjacent: 

Is jl(l8t) -I (2nd)|  = 2?  (remember  that  the  indexing  of  I is  bv  2). 
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Also,  it  tiu'  tirsi  slot  and  last  slot,  I =11  and  I,  = 1 ‘>K . arc  those 

a h 

slots  sill  h that  (;(lst)  = and  C(2nd)  = (.’Clj  ),  then  althoiiKh  thev 

are  adjuient  in  ihe  tycle,  they  are  not  so  in  t lie  program  'Hii  s opera- 
t ion  will  determine  it'  this  is  so  and  make  the  appropriate  tinH' 
adjustment.  If  both  the  above  are  false,  then  synchronization  has 
failed  and  serjiiencinj;  returns  to  Main  Program  to  await  .mother  10-second 
data  pi' r i od  . 

If  either  ol  the  above  is  true,  then  C(lst)  and  Cf2nd)  togetlu'r  are  best  . 
Then  in  realitv,  C(3rd)  is  the  next  best  and  must  be  ti'sted  against 
C(lst)  with  the  correlation  criterion  (,’  as  in  p9/+5 . 

pl0/$12+l 

Test|c(lst)  -C(3rd)|>C? 

If  so,  then  svnehronizat ion  is  complete  and  sequencing  branches  to  p9/$13 
where  I(lst)  and  I(2nd)  are  averaged  to  determine  the  start  time  for 
station  A burst  on  10.2  kllz . 

If  the  test  fails,  then  it  must  be  determined  whether  ttie  intervals 
determined  by  C(lst)  and  C(3rd)  are  adjacent  or  not. 


plO/$12+3 

Is| I(lst)  -I(3rd)|  = 2 ? 
p 10/ $12+4 

Is  I (1st)  = 0 and  I (3rd)  = 1 98  ? 

If  both  are  false,  then  return  to  p4/TKST  SYNC  and  await  another  data 
set.  If  either  is  true,  then  the  first  three  best  correlation  values 
are  nearly  equal  and  C(4th)  is  moved  to  2nd  best  and  must  be  tested 
with  C(lst)  against  the  correlation  criterion. 

pl0/$15+l 

Is  C(lst)  -C(4th)  >C  ? 

If  not,  then  return  to  p4/TEST  SYNC  and  await  the  next  data  sot.  If 
true,  then  synchronization  is  complete  and  I (1st)  determines  the  start 
of  station  A burst;  i .e  . , it  must  be  tiiat  I(2nd  and  I(3rd)  were  on 
either  side  ol  l(lst). 
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pi  1 / $ 1 () 

Bv  mu  1 1 i p 1 V iii>;  tho  selecLed  index  by  10  the  pronrum  oht  lins  the  LuLtl 
numbfi-  1)1  5-mi  1 1 isecond  interrupts  betv.een  the  computer  reference  time 
recorded  in  SYNC3,  and  the  start  of  station  A burst  on  10.2  kHz,  This 
'^svne  compensation  for  the  number  of  10-second  intervals  consumed  in 
svn. hronization  vci 1 I be  done  in  the  START  OMEGA  routine  in  the  Executive 
Subp roeram. 

pi  1/S  II 

Th'  two  sti)raKe  areas  .are  cleared  lor  use  bv  other  portions  ol  the  OMI'.GA 
navigation  programs,  and  the  START  OMEGA  rruirker  is  set.  This  will  halt 
SYNG  1 I rom  ci’llecting  data  and  return  sef]ucncing  to  the  START  OMllGA 
rout  i lu  . 


11  ■ * Disi.  r i pt  ion  ol  Subroutines  Used  bv  the  Synchronization  Subproi;ram 

riie  SVNC  SITIMATION  subroutine  is  the  only  subroutine  not  in  the  common 
c .it  e>’,or-.’  usi'd  bv  the  Synchronization  Subpro^tram.  There  are  two  arRuirKuits: 
a point'  r and  an  interval. 

R>  lining  t ■ l'i^;ure  1,  tliere  are  four  summations  used  in  the  calculation  ol 

t at  h G(l)  . The  limits  are  Rl  throiiRh  R2 , R3  through  R4,  where  R1  through  R4 

are  dependent  up()ti  Kl,  and  KU  . 

K K 

pl2/3 

SiTiC  GAI.t,  sets  till-  pointer  at  R3,  and  calculates  the  internal  as  R4-R3.  The 
subroutine  merely  sums  the  input  data  values  as  indicated,  and,  vipon  compl*'- 
t i on , squares  and  sums,  and  then  divides  bv  the  number  of  terms. 

3.2  n.iW  aiARTS 

Tilt-  Synchronization  Subprogram  flow  charts  are  presented  on  the  following 
pages  . 
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• SYNCMtONIZATION 

• ENTERED  .2  SEC  AFTER  PRCFLIOMT  TEST* 


seK 


0001 
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e*GC 


' S£CONO  S'NC  T*S«  - CLEAR  SIN/COS  RtOISTteS 
• AKO  StART  first  Sync  IO  SCCO®  PCRIOO 


BSK 


0002 
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P*OC  OOOS 


• TMIPO  SrNC  TASK  - data  collcction 

• CNTEPEO  EVERT  .1  SEC  UNTIL  SYNC 

• IS  COMPLETE 
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PACC  DOOM 


H 

CICAR  SIN/COS  RtOlSTtRS  TO  BEGIN 

^ 'K£.oat*  cocLfcnoN  t ix 


data  COUNtCR  ♦? 

JS  DAT*  COLLECTION  COf«.ETE7 


SAVE  DAT*  BASE  ADDRESS  Ar«  EREO 

nlimber  roR  SYNC  computations 


BEQ  1 


WAS  TEC  data 

^^0  IN  the  SECOND  SYNC  STORAG 
AREA? 


SET  NEW  BASE  ADDRESS  TO  THE 
SECOND  STORAGE  AREA 


SET  NEW  BASE  AEXJRESS  TO  TfC 
riRST  STORAGE  AREA 


INCREMENT  TO 

::^T  FREQ  - RESET  TO  10.2  IF  ^ 
FREQ  WAS  13.6  


CLEAR  SIN/COS  INPUT  REGISTERS  TO 
start  the  FIRST  .1  SEC  PERIOD  OT 
THE  NEXT  10  SEC  INTERVAL 


r INCREMENT  N 

[ J°  >F£^PEmi 


I - number  of  STNC 
oos  completed 
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B8K 


1 

V SM 

SAve  UPDATED  DATA  COUNTER 


BBK 


0009 
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srNC  calculations 

This  PROGRah  is  ENTCRCO  after  the  stnc  data  collection  routitc 
MAS  COLI  ECTEO  data  for  ten  seconds  it  will  process  The  data  AX) 
DECIDE  IF  STNC  IS  CCTM-ETE. 


SYNC  CALC 

RESET  STNC  TEN  SECOND  MARKER 

initialization 

SET  CdOOt  - -.5 

SET  POINTERS  TO  THE  R LARGEST 

C( 1 1 - C( 100) 

SET  UP  index  for  I (0  TO  196) 

BY  2 S FOR  THE  100  CS  CO  TO  991 
SET  UP  INDEX  FOR  K (0  TO  INI 

BY  2 S FOR  the  B stations 

$33 

5 

start  c(Ii  computation 

SET  SUMMATION  - 0 

$3 

J 

combine  k and  FREQ  IMOO  8)  TO 
find  out  which  station  is  next 

(STATION  - A FOR  K • 0 AX)  10.2) 


READ  start  time  and  BURST 
time  for  this  station,  all 


times  are  relative  to  start  of 
station  a 10.2  AND  IN  UNITS  OF 
05  SEC  (Therefore  the  start 
time  is  a number  between  0 AX) 

196  AND  MATCHES  THE  IXXX  It. 
BURST  TIME  IS  THE  NUMBER  OF  .1 
SEC  intervals  IN  A station  BURST 


0006 
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COMPUTE  SUM  OVER  BURST  FOR  THIS 

station 

BSv 

SYNC  SUMMATKN  SUBRO 
UT  INE 

ADO  SHORT  SUM  TO  Cl  11 

incrcase  number  or  .1  sec 
intervals  BT  m and  lower  TmC 
start  time  by  2 .1  SEC  intervals 
TO  INCLUDE  SLOTS  BEEOflC  AAO 
AFTER  BURST  IN  NEXT  SUM. 


. . \ 

COMPUTE  SUM  OVER  BURST  ♦ SLOTS 

FOR  This  station 

esv 

J 

sync  sureiATiON  subro 
uTirc 

subtract  long  su 

M FROM  C<  1 I 

YES «3 

0006 


NO 


AvERAOE  Cl  I)  with  Old  cm 
AvERAOE  - (Cl  I I - C(OLDI)/N 
♦ CIOLO) 

WHERE  N - number  or  TEN  SECOAO 
intervals  processed 


• NOW  determine  ir  this  cm  is  otc 

• or  the  four  largest  cm  s co»»>oteo 

• so  far 
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• NOW  use  Twe  rOUR  largest  ecu  s TO 

• OCtERMINE  ir  SrNCHRONI^ATION  HAS  BEEN 

• OetAINED  AND.  IF  SO.  COMPUTE  StNC  Tir< 


0000 


131 
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res 


1 


NORTHROP 


Electronics  Division 


J 

e*cc 


• SCOUCNCe  TO  THE  LAST  PART  OF  MAIN  PROGRAM 


Mil 
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• SrK  SLP*i*TION  »0UTI*C 

• 

• this  IWuTIfC  IS  USCD  BY  TmC  STNC  CO^TATIONAt 

• PROC.B4H  TO  ro«H  THt  SU»*1AT10N  Of  TMC  SINE'S 

• *NO  COSINE  S OVEP  TK  interval  SPCCIEIED  BT 

• TK  ARGUUNTS  the  ARGUMENTS  CONSIST  Of  TTC 

• NUMOfR  or  TERMS,  number  or  the  first  tern 

• (ASSUMING  1*01  and  the  Current  value  or  i. 

• ARGUMENTS  ARE  NOT  DISTURBED  AT®  TmE  RESULT  IS 

• left  in  registers  added  BT  this  ROUTITC. 


*[  SYNC  SUr*1AT|0M  SUBRO 



clear  sum  COS  AND  SUM  SIN 
MOVE  number  of  terms  ATO 

START  POINT 


PUT  start  point  into  range 

BY  ADDING  200 


FORM  start  point  ♦ I 
READ  BASE  ADDRESS  OF  SYNC 
DATA  FOR  this  10  SEC  PERIOD  AM) 
ADO  TO  CURRENT  START  POINT 
FORM  BASE  ADDRESS  ♦ 200  - UPPER 
LIMIT  OF  data  storage  AREA 


OOlf 


S2 

OOlS 
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}.3  fOMl’lTKK  SriU’R(K;K/\M  F.NV  1 RON’Ml'.NT 

3.3.1  S’l'NC  LIMIT  TAHLK 

Tin-  piirpo.Sf  ol  tin  SYNC  LIMIT  TAiiLE  i.s  to  di'lino  t Ito  station  pattern  tor 
tin  SYNC  ('Al.f  rout  ini  . The  table  lias  einlit  entries  that  (hline  the  start 
point  ol  I aeh  st.ition  in  the  hurst  anil  the  lenttth  ol  hurst. 

Tin  Itl-si'tonil  station  pattern  is  ilivicleil  into  200  intervals  to  match  the 
1 counter  used  in  STOt’  CALC,  Station  A is  assumed  to  st.irt  sending  1(1.2 
durinp,  tin  1 i rs  t interval  (O)  . Kach  entry  contains  two  words  with  the 
tirst  word  ident 1 f vi nt;  the  start  point  ol  the  station  burst  and  the  second 
containing  the  number  ol  intervals  that  the  station  transmits.  The  ei^ht 
entries  are  ordeml  bv  station.  The  label  of  this  table  is  .SYNC  LIMIT 
l ABl.E  . 


j.3.2  SYNC  DATA  StoraKC 

The  synchronization  process  requires  over  600  words  of  data  storatie  for 
the  two  raw  data  storage  areas,  C(I)'s  and  miscellaneous  markers  and 
counti’rs.  Because  the  other  OMFCA  functions  cannot  begin  utitil  the 
svnehronizat ion  process  is  complete,  the  600  words  are  shared  between 
svnehronizat  ion  and  the  other  OMKGA  functions.  Only  paramc'ters  not  used 
during  synclironizat  ion  nviy  be  placed  in  the  sync  data  storage  area  b-.-  the 
other  OMKCA  programs.  See  SYNC  DATA  in  the  listing  for  the  exact  limits 
ol  till'  over  lav  area. 


3.3.  '3  Input/Output  Formats 

DMA  inputs  through  16^^^  (see  Table  3.2-2,  Volume  I)  receive  the  six 

phase  counter  inputs  from  the  receiver  strips: 


1 1 

16 

and 

>^6 

receive 

cosine 

and 

s ine 

respect ively 

for 

10.2 

kHz  . 

13 

16 

and 

re CO ive 

cos ine 

and 

s i no 

res  pec  1 1 ve  1 y 

for 

13.6 

kHz , and 

15 

16 

and 

'^6 

receive 

cosine 

and 

s i no 

respectively 

for 

11-1/3  kll/. . 

These  words  are  updated  every  5 milliseconds  with  the  update  occurring 
during  the  last  one-third  of  the  5 -mi  1 1 isecond  period  that  is  initiated 
by  the  time  signal  from  the  receiver.  The  update  consists  of  reading  a 
word  from  DMA,  adding  the  output  of  the  phase  counter  and  writing  the  new 
word  back  into  DMA.  This  requires  approximately  181  microseconds  from 
till'  read  to  the  write  operation.  The  LSB  for  all  updating  is  bit  one. 
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j.  ) . ■'*  Kifiuiiiil  Svsti'i;]  l.ilirarv  Subroutini's 


Suhroui  i lU’ 

Kmif  t i onal 

Di  sc  ri  pt  i on 
(Sec  t ion  3.1.3) 

F 1 ow 
l)i  apram 

Siibpropram  Dc.sipn 
Document 

(by  Volume  Number) 

1 ) OMKCA 

a)  SYNCl 

b)  SYN'C2 

c)  SYNC 3 

pl/STOC 

p2/$2+l 

p3/$3 

IX  executive 

J)  SgRT 

ei)  SWe  CALC 

p9/l 

XII  Common 

i)  SYN(  SUMMATION 

il)  SWe  CALC 

pl7/l 
pi  7/4 

III  Synchroniza- 
1 i on 
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